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Chapter 1 of this thesis introduces the numerical algorithm for stochastic differ-
ential equation by Bicolour Rooted Tree method, and then applies this method to
Langevin equation. We propose an algorithm for Langevin equation and improve
the accuracy to order o(7,4.5). To demonstrate the validity and universality of
our algorithm, we give four examples. In the first and second examples, we
calculate the energy relaxation in the double well and the external force depen-
dence of particle current in the tilted Smoluchowski-Feynman ratchet. In the
third and fourth examples, we apply our method to the cases of time-dependent
Langevin equation and multidimensional Langevin equation. We also compare
our algorithm with Euler and Heun algorithm. We find that the maximal avail-
able integral step of Euler and Heun algorithm are 0.001 and 0.1 respectively,
while the maximal available integral step of our algorithm is 0.5.
Chapter 2 elaborates the phonon spectrum of Tersoff potential of graphene and
its relation to the phonon transport. We use the Dynamic Matrix method to get
the phonon spectrum of graphene and calculate the group velocities of LA and TA
acoustic branches at Γ point. Then we briefly introduce the usage of the software
of LAMMPS and use it to study the energy transport in graphene. We conclude
that the energy transport of graphene is mainly carried by phonon. Furthermore,
we study the influence of the size of graphene on the energy transport and the
simulations show that the bigger the size and the stronger the excitation, the
more energy carried by long wavelength phonon.
Chapter 3 preliminarily investigates the first order approximation of energy and
wavefunction of 1-phonon state in the quantum FPU-β chain by perturbation
theory and discusses the Umklapp process in the lattice systems. Then we in-
troduce the numerical method for simulating Gaussian phonon packet and KdV
soliton. We simulate the Gaussian phonon packet by the method of superposition
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ẋi = fi(X(t)) + gi(X(t))ξi(t) (i = 1, 2, ..., d) (1.1)
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